Shelf strongly argues against these features being positively buoyant airstreams. It appears that although the air adjacent to the snow surface is warmed by turbulent mixing, the katabatic air at a few tens of meters above the surface is colder than the surrounding air masses [Bromndch, 1989a; see Figure   4 ]. That is, the katabatic airstream is warmer than the surroundings at very low levels but is colder at higher altitudes; for the boundary layer as a whole the katabatic jet is negatively buoyant. Figure 4 [after Bromndch, 1989a] shows the inferred temperature and wind profries associated with katabatic airflow over the Ross Ice Shelf that can explain the coexistence of warm katabatic signatures and negatively buoyant katabatic winds. This preferentially occurs with clear sky conditions when the boundary layer over the ice shelf is likely to be strongly stratified. The above arguments were confumed by two case-study flights carried out by Parish and Bromndch [1989] , when dark signatures over the Nansen Ice Sheet adjacent to Terra Nova Bay were observed on thermal infrared satellite images, at the time when strong katabatic winds and negatively buoyant air temperatures were measured at the 185-m flight level. Strictly, katabatic winds are defined as a gravity-driven flow blowing down inclined terrain. Once the airflow arrives at the foot of the slope, these two essential components (gravitational force and inclined terrain)for formation and maintenance of katabatic winds are lost.
However, due to the well-defined source of the airflow we continue to describe it as katabatic as it propagates far across flat terrain.
Model simulations of near-surface katabatic winds [Parish and Bromadch, 1991] The average areal extent on signature days was determined from the infrared satellite images. The same evaluation was done for a random selection ( (Table 2 ). This period corresponds to the likely general, the departures for KSE (and also for non-KSE but of opposite sign) at sea level, 500-hPa and 1000-to 500-hPa (Figures 10a-10c) show a wave number 3 pattern at 60øS.
The most intriguing feature that appears in the 1000-to 500-hPa thickness for non-KSE to KSE is the negative anomaly (decrease)just to the northeast of the New Zealand sector (compare Figures 10a, 10b, and 10c) . Around the same area the sea level pressure and the 500-hPa height show positive anomalies (increase). This indicates that the increase of the sea level pressure is larger than the increase of the 500-hPa geopotential height. Apart from this area, other changes that take place in the 1000-to 500-hPa geopotential thickness almost concur with the changes of 500-hPa geopotential heights. In general, the decrease (increase)of the sea level pressure over the Amundsen Sea for KSE (non-KSE) is accompanied by a decrease (increase)in both the 1000-to 500-hPa and the 500-hPa fields. No significant decrease of sea level pressure to the west of southern South America is observed for KSE, but the 1000-to 500-hPa and 500-hPa fields show a negative anomaly with respect to the f'ave-month average, confirrning the development of a cold trough over that region.
To study the time evolution of the KSE and to deal with their varying durations, the following features were identified: (1) peak day of each non-KSE which corresponds to the coldest day within the non-KSE events according to the air temperature recorded by either one or both of AWS 08 and 11; (2) transition time which corresponds to the time of the cycle that divides non-KSE from KSE periods, so that the air temperatures were neither warmer nor colder than the respective monthly average; and (3) peak day of each KSE which corresponds to the warmest day within the KSE. Table 3 lists the respective days/times according to our definitions. Then, all the peak days of non-KSE, all the transition times, and all the peak days of the KSE were averaged to obtain a time evolution for the sea level pressure, 500-hPa, and 1000-to 500-hPa fields in relation to the airflow across the Ross Ice Shelf.
The main results at sea level are the eastward displacement of the troughs and ridges, the intensification and displacement of the quasi-stationary low pressure from north of the Ross Sea toward the vicinity of Russkaya Station, and a weakening of the South Pacific high pressure. The most relevant sequence of events takes place at 500 hPa. Figures 11 a, 11 b and 11 c show the initial, the transition, and the f'mal stage of the time evolution at 500 hPa corresponding to the peak ofnon-KSE to the peak of KSE, respectively. The most prominent feature revealed by the sequence is a ridge that starts to develop over Wilkes Land and extends southwestward into East Antarctica.
It reaches its maximum intensity at the transition time. A similar but weaker ridge appears over the other side of the continent. On the other hand, the polar vortex at 500 hPa moves toward the east and strengthens significantly from the peak of non-KSE to peak of KSE. The trough (1 iv Figures  11 a and 11 c) associated with the 500-hPa vortex, which extends along longitude 160øW for peak days of non-KSE, moves eastward to be located along longitude 140øW for peak days of KSE (Figure 1 l c) . Note that the intensification and displacement of the polar vortex takes place from the transition time to the peak of KSE. Another trough (7 in Figure 1 cold air mass moving equatorward from the polar regions. Also, mesoscale cyclones have been observed in association with dissipating cold-core synoptic vortices over the ocean [Zick, 1983] . In addition, recent studies in the southern hemisphere have shown that strong and persistent katabatic winds sustained by confluence zones in the continental interior Bromwich, 1987, 1991] Therefore increased mesoscale cyclogenesis activity is likely to be found in conjunction with the occurrence of katabatic polar air outbreaks (defined as a mass of cold air moving equatorward from the Antarctic continent and that near the surface is associated with katabatic winds). The latter has been the subject of this paper. To investigate whether or not the subsynoptic and synoptic scale environments associated with the northwestward propagation of the katabatic winds favor the formation of mesoscale cyclones over the ocean, the results presented by Fitch and Carleton [1992] were reevaluated. They studied the occurrence of mesoscale vortices over high southern latitudes during five months (March, April, June, August, and October) in 1988, which partly overlap with our study period. Their study area covered the half hemisphere centered on the Ross Sea from 100øE to 80øW and from 50øS to the south pole. To study the synoptic environment associated with mesoscale activity, they used the southern hemisphere synoptic analyses from the Australian Bureau of Meteorology. Their results indicate that for active days (more than five mesoscale vortices observed on the same day) the composite 1000-hPa field revealed a negative height anomaly centered at 155øW and 68 ø S, with a corresponding negative anomaly at 500 hPa displaced to the south. The 1000-to 500-hPa thickness anomaly field showed negative departures over the Ross Sea area and positive departures over Marie Byrd Land and over the eastern side of Australia. Comparing with the large-scale changes surrounding the Ross/Amundsen seas obtained for signature days (or KSE), it can be noted that similar anomalies take place on both active and signature days. The hemispheric analysis for signature days and for katabatic surge events indicates that the northwestward propagation of the katabatic surge is not an isolated and localized phenomenon, but other regional changes within and outside the polar environment accompanied the katabatic cold air outbreak. These large-scale variations are not caused by the katabatic wind propagating from West Antarctica, but they are probably a response to a perturbation occurring in East Antarctica. On average, the main changes can be summarized as follows:
1. The quasi-stationary Ross Sea cyclone is deeper and displaced closer to the Marie Byrd Land coast compared to its climatological intensity and location, respectively; this also happens to the midtropospheric vortex at 500 hPa. 3. The differences between the average KSE and non-KSE with respect to the five-month average reveal a wave number 3 departure pattern but out of phase with respect to the trough and ridge distribution shown by the five-month average. This increases the wave number from 3 to 6, as was evident in the analyses for signature days (e.g., Figure 8b ) and in the timeaveraged evolution sequence (e.g., Figure 11 ). The same increase was observed for the 1000-to 500-hPa geopotential thickness indicating an enhancement of the warm and cold air advection for both non-KSE and KSE periods. The wave number 6 pattern suggests that these advections may be associated with synoptic scale features. 4. The 500-hPa geopotential heights are higher for KSE than for non-KSE over the Antarctic plateau. The time evolution for 500-hPa geopotential height fields reveals that a ridge starts to develop over Wilkes Land from the peak of non-KSE, reaching a maximum intensity at transition time. A much weaker ridge extends poleward from around the Ronne Ice Figures 10a-10c ) suggest a stationary mode for the topographic Rossby wave and that another mechanism(s) is associated with the enhancement of the split of the jet.
